Evaluation of Exciton Dynamics in Single Quantum Dots and a Single Quantum Dot-Metallic Nanostructure Systems by Paulus Damar Bayu Murti & Damar Bayu Murti Paulus
2014年度修士論文要旨 
 
Evaluation of Exciton Dynamics in Single Quantum Dots and a 
Single Quantum Dot-Metallic Nanostructure Systems 
 
関西学院大学大学院理工学研究科 
化学専攻  増尾研究室  Paulus Damar Bayu Murti 
 
[Introduction] One of the 
important exciton dynamics of 
semiconductor quantum dots (QD) 
is simultaneous existence of 
multiple excitons (MX) in a single 
QD. By utilizing the MX, the 
efficiency of the optoelectronic 
devices can be considerably 
increased. However, when MX 
generates in a single QD, exciton-
exciton annihilation process which is called the Auger recombination (AR) occurs. To utilize the 
MX, the AR has to be suppressed. On the other hand, if the AR efficiently occurs, a single QD 
can be used as a single-photon source which is an important for the quantum information 
technology. Therefore, it is important to control the MX dynamics. Previously, we investigated 
photon antibunching behavior of a single QD interacted with metallic nanostructures. As results, 
we revealed that the AR process could be suppressed by the interaction with the metallic 
nanostructures [1-3]. To reveal the QD-metallic nanostructure interaction, it is very important to 
control the distance and overlap of the spectra between QD and metallic nanostructure. 
In this work, as a first topic, the distance was controlled using silica coated-metallic 
nanoparticles (MNP/SiO2), and the relationship between the emission behavior of single QDs and 
the overlap of the fluorescence spectrum with LSPR band was considered by observing the 
fluorescence spectra of single QDs and the scattering spectra of single MNP/SiO2 (Figure 1). 
As a second topic, I tried to measure the emission behavior, particularly photon antibunching 
behavior of single PbS QDs. There is only few reports mentioned about the single PbS 
measurement [4]. A reason of the smaller number of reports compared to other colloidal QDs is 
that it is difficult to detect the emission from the single PbS using an Avalanche photodiode 
(APD) because the emission wavelength of PbS is near-infrared (NIR) region. In this work, I tried 
to observe the photon antibunching behavior to reveal the multiple exciton generation (MEG) 
process at single QD level using APD. 
 
[Experiments] In the first topic, CdSe/ZnS (Invitrogen) was used. As a MNP/SiO2, AuNP/SiO2 
and AgNP/SiO2 which were prepared by the Stöber method were used (SiO2 thickness: 6 nm and 
15 nm for AuNP/SiO2, 7 nm for AgNP/SiO2) [5]. Single QDs and AuNP/SiO2 or AgNP/SiO2 were 
dispersed onto a cleaned-coverslip by spin-coating and used as the sample. Using a confocal 
microscope combined with a dark field condenser and picosecond pulsed-no hypen laser 
(wavelength: 405 nm and 465 nm), the fluorescence spectra, fluorescence lifetime, the photon 
antibunching behavior of single QDs and the scattering spectra of AuNP/SiO2 and AgNP/SiO2 
were measured simultaneously. 
In the second topic, PbS (Evident Tech.) was used, and the single PbSs were dispersed in a 
PMMA thin film. Using a confocal microscope with picosecond pulsed-laser (wavelength: 405 
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nm and 630 nm), the fluorescence spectra, fluorescence lifetime, the photon antibunching 
behavior of the single PbSs were measured simultaneously under N2 atmosphere. 
 
[Results and Discussion] The emission 
behaviour detected from a single QD is 
shown in Fig. 2(a-c). As the peak at t=0 is 
lower than other peaks in (b), the single QD 
exhibited photon antibunching. In the case 
of a single QD with MNP/SiO2, the 
probability of photon antibunching 
decreased with the shortening of the 
lifetime (d, e). By considering the spectral 
overlap dependence, the probability of 
photon antibunching decreased with 
increased in the overlap. The decrease in 
the probability of photon antibunching was 
enhanced in the case of short QD-
MNP/SiO2 distance. We considered 
following mechanism based on the obtained 
results (Fig. 3). When the spectral overlap 
is large, the energy transfer from QD to 
MNP/SiO2 efficiently occurs. Thus, when 
MX generates in a single QD, the energy 
transfer occurs before the AR process. By 
this energy transfer, plasmon is generated 
on the MNP/SiO2, and then the plasmon 
emits multiphotons. Therefore, the 
probability of photon antibunching 
decreased. 
In the second topic, I tried to measure 
the emission behaviour, i.e., photon 
antibunching behaviour of single PbS QDs. 
The fluorescence image of single PbSs is 
shown in Fig. 4a. By choosing one bright 
spot, we succeeded in measuring the 
emission behaviour of the single PbS as 
shown in Fig. 4b. From the time trace of 
fluorescence intensity, we revealed the 
single PbS shows long emission off state 
and quite long survival time. However, we 
did not succeeding in measuring photon 
antibunching behaviour because of the low 
fluorescence counts of single PbS for the 
antibunching measurement.  
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Fig. 3   Mechanism of the emission behavior 
observed from a single QD with AuNP/SiO2. 
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Fig. 2   Fluorescence decay curves (a, d), photon 
correlation histograms (b, e), fluorescence spectra 
(c, f) detected from a single QD without 
MNP/SiO2 (a, b, c), and from a single QD with 
MNP/SiO2 (d, e, f). The scattering spectra of 
MNP/SiO2 is also shown in (f).  
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Fig. 4   Fluorescence image of single PbS QDs (a) 
and time trace of fluorescence intensity detected 
from a single PbS QD (b).  
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